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The scale dependences of atmospheric horizontal winds, potential temperature (θ) 53 and kinetic energy (KE) power spectra obtained from aircraft observations follow an 54 approximate -3 power law wave number scaling for length scales > 800 km (and -5/3 for 55 scales < 500 km) (e.g., Nastrom and Gage There is a general tendency for the model spectral slopes to be uniformly steeper relative 209 to AIRS. This translates to T variance that is similar to or somewhat less than AIRS in 210 the 600-1300 km length scales, and several factors less than AIRS within the 150-400 211 km scales, depending on the region, level and model. This is consistent with limitations 212 of coarsely gridded global models in generating small-scale variability in the Tropics 213 (e.g., Willett et al., 2008) . The models tend to have the highest variance in the lowest 214 levels (e.g., 925 and 850 hPa), but this behavior holds for AIRS only within DC and at 215 the smallest length scales in other regimes. For SC, the NCAR, C180HIRAM2.1 and 216 MERRA fields show the highest variance at 500 hPa, while ECMWF shows much greater 217 variance at 850 and 925 hPa. However, in most instances, the relative "ordering" of 218 variance by pressure level is consistent between AIRS and the various models. 219
[ Figure 1 here] 220
In the case of q (Fig. 2) , there is a notable absence of a significant scale break in 221 the three regions in the AIRS data (e.g., KT09). The variance is highest for 925 and 850 222 hPa in SC and TC, but not in DC. In fact, the spectral slope of q at 925 hPa in DC is 223 much less than that at 850 and 500 hPa. Figure 2 shows the absence of a significant scale 224 break in all models, while the model exponents are uniformly steeper than AIRS. The 225 variance magnitudes are more similar between the models and AIRS in the case of q than 226 T, although this is less pronounced in the DC region especially for the free-running 227 models that have much too little variance at small scales. The inter-model spread of the 228 variance in the free troposphere (e.g., 500 hPa) is much higher than at 850 and 925 hPa, The scaling exponents are found to be steeper in both the free-running models 343 (CAM3 and C180HIRAM2.1) and analyses (ECMWF and MERRA) in comparison to 344 AIRS, suggesting that the small-scale variance in these models is too small. It is not 345 known whether this behavior is driven (in part, or in whole) by differences in 
